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(57) ABSTRACT 
Wireless communication collision coding devices, systems, 
and methods are provided. According to some embodiments, 
wireless communication systems can generally comprise a 
plurality of wireless access points and wireless clients. The 
wireless access points can be controlled by a network con-
troller. The wireless access points can be configured to enable 
a plurality of wireless clients to wirelessly connect to the 
wireless access points. The wireless access points can be 
configured to encode data packets destined for the wireless 
clients with a collision coding scheme so that wireless data 
packets concurrently transmitted from at least two wireless 
access points colliding in air can be decoded at the wireless 
clients with the collision coding scheme so that data packets 
are not affected by collisions with another data packet. Other 
aspects, embodiments, and features, are also claimed and 
described. 
24 Claims, 3 Drawing Sheets 
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WIRELESS COMMUNICATION COLLISION 
CODING DEVICES, SYSTEMS, AND 
METHODS 
CROSS-REFERENCE TO RELATED 
APPLICATION & PRIORITY CLAIM 
This patent application claims the benefit of and priority to 
U.S. Non-Provisional Patent Application No. 61/145,808, 
filed 20 Jan. 2009, which is incorporated herein by reference 
in its entirety as if fully set forth below. 
STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 
This invention was made with Govermnent support under 
Agreement No. CNS-0721296, awarded by the National Sci-
ence Foundation. The Govermnent has certain rights in this 
invention. 
TECHNICAL FIELD 
Embodiments of the present invention relate generally to 
communication devices and protocols and more particularly 
to wireless communication protocols and wireless communi-
cation devices, systems, and methods. 
BACKGROUND 
2 
some embodiments. While embodiments of the present 
invention are discussed with reference to certain types of 
communication networks (e.g., wireless networks or mesh 
networks), it should be understood that embodiments of the 
present invention may be utilized with any type of commu-
nication network. 
In accordance with some embodiments, the present inven-
tion can comprise a wireless communication system that gen-
erally comprises a plurality of wireless transceivers in com-
10 munication with each other. The wireless transceivers can 
each have an operating range wherein transceivers can trans-
mit data packets. The wireless transceivers can be configured 
to simultaneously or concurrently transmit encoded data 
transmissions to multiple co-channel transceivers in overlap-
15 ping operating ranges. Multiple transmissions can be done 
simultaneously or concurrently. And the wireless transceivers 
receiving multiple data transmissions from dissimilar trans-
ceivers can be configured to decode collided data transmis-
20 
sions resulting in successful data reception. 
Wireless communication systems can also comprise other 
features. For example, systems can include a plurality of 
wireless access points (that can be wireless transceivers) and 
a network-controller. The wireless access points can be con-
figured to enable a plurality of wireless clients to wirelessly 
25 connect to the wireless access points. Wireless communica-
tion systems can include wireless access points configured to 
encode data packets destined for one or more of the wireless 
clients with a collision coding scheme. The collision coding 
scheme can be generated or provided by the network control-
30 !er so that wireless data packets concurrently transmitted 
from at least two wireless access points colliding in air can be 
decoded at the wireless clients with the collision coding 
scheme so that transmitted data packets are not affected by 
A collision in a communication network refers to interfer-
ence between multiple co-channel signal transmissions when 
arriving simultaneously at a receiver. Collisions typically ren-
der the intended signal non-decodable and contribute to 
reduced communication network performance. As a result, 
developers of communication networks have made efforts to 35 
address the negative effects spawned by signal collisions. 
collisions with another data packet. 
Embodiments of the present invention can also be imple-
mented as a controller for use in a wireless communication 
network to control communications within the network. The 
controller (or network controller) can comprise a processor 
capable of implementing instructions stored as logic. The 
There exist several well-known techniques to avoid colli-
sions of communication signals. These techniques include 
protocols to prevent collisions (e.g., the bit-map protocol), 
avoid collisions (e.g., CSMA/CA), lower waste due to colli-
sions (e.g., CSMA/CD), or simply ignore collisions (e.g., 
ALOHA). These techniques have a general commonality-
communication resources are wasted when collisions 
occur-even though they can be used to address signals that 
collide over or through a communication channel. 
What is needed, therefore, are improved communication 
protocols and wireless communication devices, systems, and 
methods. Such improved mechanisms can be used to 
adequately address signal collisions yet do so in a mannerthat 
efficiently utilizes and does not waste communication 
resources. It is to the provisions of such communication pro-
tocols and wireless communication devices, systems, and 
methods that embodiments of the present invention are 
directed. 
SUMMARY OF EXEMPLARY EMBODIMENTS 
Embodiments of the present invention provide and enable 
novel communication techniques to enhance communication 
40 controller can comprise logic to assess topology of a network 
comprising a plurality of wireless access points and a plural-
ity of wireless clients. The controller can be coupled to the 
wireless access points. The controller can also include logic, 
responsive to the assessed topology, to generate one or more 
45 coding tables enabling one or more of the wireless access 
points to encode data packets, in accordance with a collision 
coding function, for concurrent transmission to one or more 
of the wireless clients so that colliding data packets do not 
disturb integrity of data within the data packets. The control-
50 !er may also include logic configured to synchronize trans-
mission of wireless data packets from two or more of the 
wireless access points to one or more of the wireless clients. 
Controller embodiments of the present invention can also 
include additional features. For example, the controller can be 
55 disposed within one of the plurality of wireless access points 
or wireless clients. Also, the coding tables generated or pro-
vided by the controller can contain information mapping data 
configured to enable one or more of the wireless access points 
to transform data to be transmitted in a modified data stream. 
in networks. Generally network communication protocols 60 
attempt to avoid collisions between data packets since colli-
sions degrade network performance. Embodiments of the 
present invention generally encode data packets to account 
for possible collision. Encoding can be accomplished via a 
collision coding function. Transmitters, receivers, and trans- 65 
ceivers can all be configured to encode and decode data pack-
The controller can be configured to transmit one or more of 
the coding tables to one or more of the wireless access points 
such that the one or more wireless access points can encode 
data packets according to one or more of the coding tables. 
Controller embodiments may also include logic to generate 
coding tables based on a modulation protocol used to transmit 
wireless signals within the network. In addition, controllers 
ets utilizing a collision coding function in accordance with can include logic configured to map contents of multiple data 
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packets to a codeword according to one or more coding tables 
and to transmit the codeword to multiple wireless clients. 
Still yet other embodiments of the present invention 
include wireless communication systems generally compris-
ing wireless access points configured to communicate with 
wireless clients. The wireless access points can be configured 
to allow one or more wireless clients to associate with one or 
more of the wireless access points. Wireless access points can 
4 
FIG. 3 graphically depicts how embodiments of the present 
invention utilize collision coding to communicate in a com-
munication network. 
FIG. 4 illustrates a wireless communication network in 
which embodiments of the present invention can be utilized 
for effective wireless communication. 
FIG. 5 illustrates exemplary coding tables used to encode 
wireless data communications to implement collision coding 
embodiments of the present invention. 
FIG. 6 illustrates sample data packets and sample coded 
version of the data packets being coded with a collision cod-
ing code in accordance with some embodiments of the 
present invention. 
FIG. 7 illustrates a wireless communication network com-
be connected to a network such that the wireless clients can 
communicate with the network through an associated wire- 10 
less access point. The wireless access points can be config-
ured to store coding tables used to encode data packets for 
transmission to the wireless access points. The coding tables 
can be generated with a collision function such that the con-
current transmission of data packets to a single wireless client 
resulting in colliding data packets does not disturb the integ-
rity of data within the data packets. 
15 prising communication components utilizing collision cod-
ing in accordance with some embodiments of the present 
Wireless communication systems of the present invention 
can also include additional features. For example, wireless 20 
access points can be operatively coupled to a network con-
troller to receive the coding tables from the network control-
ler. Also, wireless access points can be configured to transmit 
concurrent data packets in a synchronized manner. Wireless 
access points can also transmit coding tables to at least one of 25 
the wireless clients enabling the wireless client to decode 
received data packets. Some wireless access points can moni-
tor associated wireless clients to determine identity of local 
wireless clients and provides wireless client information to a 
network controller to dynamically update the coding tables. 30 
Also in some embodiments, wireless access points can utilize 
coding tables to decode data packets transmitted from one or 
more of the wireless clients. 
Yet other embodiments include methods of managing data 
35 
transmission within a network and/or concurrently transmit-
ting simultaneous data packets over a communication 
medium. Such methods can include initially assess the topol-
ogy of the network and based on the topology prepare coding 
tables to encode/decode data to avoid data integrity issues 40 
associated with collisions. Such methods also include syn-
chronizing data transmissions by scheduling data transmis-
sion to optimize data throughput in a network. 
Other aspects and features of embodiments of the present 
invention will become apparent to those of ordinary skill in 45 
the art, upon reviewing the following description of specific, 
exemplary embodiments of the present invention in concert 
with the figures. While features of the present invention may 
be discussed relative to certain embodiments and figures, all 
embodiments of the present invention can include one or 50 
more of the features discussed herein. While one or more 
invention. 
FIG. 8 illustrates a collision coding method capable of 
managing communication in a communication network in 
accordance with some embodiments of the present invention. 
DETAILED DESCRIPTION OF EXEMPLARY & 
ALTERNATIVE EMBODIMENTS 
To facilitate an understanding of the principles and features 
of the various embodiments of the invention, various illustra-
tive embodiments are explained below. As will be explained 
below, embodiments of the present invention provide efficient 
and reliable communication network techniques. Advanta-
geously, embodiments of the present invention implement 
cooperation based communication protocols to provide 
improved network throughput. Some embodiments are 
detailed as wireless network systems and component devices 
within wireless networks. As with all wireless networks, data 
can be transferred via an air medium and transmitted data may 
be referred to herein as data, data signals, data packets, bits, 
symbols, bytes, streams, and the like. In addition, these "data" 
terms may at times be used interchangeably herein. 
Interference is a key principle which fundamentally affects 
the performance of wireless networks. Using air as a commu-
nication medium while providing connections and enabling 
mobility of terminals, also makes communications particu-
larly susceptible to interference. The shared nature of the 
medium makes successful reception especially difficult in the 
presence of a concurrent sender. Hence wireless networks 
strive to prevent senders from interfering. Current networks 
either separate the transmissions from multiple senders in 
time using TDMA or probe for idleness and use the medium 
only when no other sender is using it, as in IEEE 802.11. The 
paranoia of interference is inherited from point to point sys-
tem design and may not be the best choice for a network of 
multiple senders. 
Embodiments of the present invention utilize dominant 
communication protocols to enable efficient and reliable 
embodiments may be discussed as having certain advanta-
geous features, one or more of such features may also be used 
with the various embodiments of the invention discussed 
herein. In similar fashion, while exemplary embodiments 
may be discussed below as system or method embodiments it 
is to be understood that such exemplary embodiments can be 
implemented in various systems, and methods. Embodiments 
of the present invention can be implemented with hardware 
components, software logic, or a combination of both. 
55 communication. Instead of avoiding concurrent senders, 
dominance codes transmissions that occur concurrently and 
uses appropriate decoding to enable reception. Dominance 
leverages coordination between senders or receivers so that 
interference is not necessarily harmful. When two senders 
BRIEF DESCRIPTION OF FIGURES 
FIG. 1 graphically illustrates symmetric and asymmetric 
collisions that sometimes occur in communication networks. 
FIG. 2 is a table illustrating successful communication 
attempts over a communication medium. 
60 transmit simultaneously to two receivers where at least a 
receiver is located within the range of both transmitters, trans-
mitted data packets can collide. The resulting, collided signal 
is the sum of the symbols transmitted by each of the senders 
(after incurring attenuation and phase shifts). Whenever data 
65 transmission (i.e., data bits or symbols) transmitted by one 
sender combines with a data transmission transmitted by 
another transmitter, the combination results in a collided sig-
US 8,179,841 B2 
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nal that yields a different data content (i.e., has different data 
bits or symbols). The resulting collided signal can be decoded 
or mapped by the receiver to one of the possible symbols ofits 
sender. As long as the combined symbols correspond 
uniquely to the data of the sender, successful information 
transfer can still happen despite collisions between data pack-
ets. Using this insight, if senders (or transmitters) can code 
their transmissions such that the sum (i.e., the collided data 
signal) still uniquely corresponds to the data intended for a 
specific receiver, receivers can appropriately modify their 10 
decoding to accommodate superposed symbols. In this case, 
information can be conveyed between each sender and 
receiver pair. 
6 
cussed herein can also be applied to create effective and high 
performance communication in other network settings. 
FIG. 2 is a table illustrating successful communication 
attempts over a communication medium for the asymmetric 
scenario illustrated in FIG. 1. With reference to FIG. 1, let the 
data sent fromAPl be dl and the data sent fromAP2 be d2. In 
this topology, client Cl can receive information fromAPl and 
AP2 whereas client C2 is within communication range of 
AP2 only. Conventional collision free scheduling, would 
require the transmissions for Cl and C2 be separated in time 
because AP2's data transmission would cause a collision at 
Cl thereby rendering it unable to decode the packet sent by 
APl. Embodiments of the present invention enable concur-
rent transmission of the data packets so that no time separa-
Embodiments of the present invention enable and utilize 
coding and decoding schemes where senders do not attempt 
15 tion is needed. FIG. 3 graphically depicts how embodiments 
of the present invention utilize collision coding to communi-
cate in a communication network and compares "Collision 
Coding" communication protocols relative to "Collision 
to nullify interference but rather coordinate to enhance the 
successful delivery of each other's bits. In addition, while 
capacity bounds and arguments for multiuser coding and 
cooperation have been presented so far there is no practical 20 
algorithm that extends the insight to a network setting. 
Embodiments of the present invention can comprise a pro-
cessor configured to decide how interfering transmissions can 
be coded and also include receiver architectures to accommo-
date them. Advantageously, coding can be performed at a bit 25 
(e.g., symbol) level so that it does not rely on channel condi-
tions for enabling simultaneous transmissions. Because cod-
ing can take place at the bit level, modifications in RF trans-
mission circuitry are not necessary. Another advantage of 
some embodiments is that concurrent transmission is enabled 30 
when the Signal to Interference Ratio (SIR) is close to 0 dB. 
This is unlike approaches where interfering transmissions 
must be well separated (>6 dB) in signal strength for decoding 
to be successful. 
Free" protocols. 
To understand how to code the transmissions such that 
information is conveyed on a collision, one must understand 
collisions. With reference to the asymmetric scenario of FIG. 
1, consider that Amplitude Shift Keying modulation is used to 
transmit data between the illustrated access points and clients. 
Because the channel combines transmitted signals for recep-
tion at Cl, consider the charmel to be represented by the 
logical OR function where Cl receives the OR of dl and d2 
(or the bits transmitted by APl andAP2). When the interfered 
bits are analyzed to determine if communication has been 
successful and depending on whether APl andAP2 transmit 
a 0 or a 1, the table in FIG. 2 shows the result. The table shows 
at the bit-level the decoded information received at Cl based 
on the corresponding values for dl and d2. As shown, for 
three of the four combinations of values, the correct bit infor-
35 mation for Cl is actually preserved through the ASK modu-
lation process despite the collision. For one of four possible 
combinations, Cl receives an erroneous bit (the "NO" suc-
cessful combination). The bit error rate for this particular 
As mentioned above, collisions of data packets typically 
render an intended signal non-decodable. This directly con-
tributes to lowering communication network performance. 
Generally, embodiments of the present invention leverage 
treatment of a specific class of collisions called asymmetric 
collisions. An asymmetric collision is one in which collisions 40 
at different receivers of the colliding signals are different. 
This is in contrast to a symmetric collision in which the 
collisions are the same at all receivers. By coding and decod-
ing data transmitted in a network to account for asymmetric 
collisions, successful data transfer can occur despite colli- 45 
sions between concurrently transmitted data packets. 
Interestingly, asymmetric collisions occur frequently in an 
important class of communication networks-wireless data 
networks. For example, consider FIG. l that graphically illus-
trates symmetric and asymmetric collisions that sometimes 50 
occur in communication networks. For purposes of this illus-
tration, access points APl and AP2 operate on the same 
communication charmel (e.g., air in a wireless network) and 
Cl and C2 are both within range of APl and AP2. During 
transmission, both APl and AP2 both transmit signals to Cl 55 
and C2. Doing so, results in collisions at both Cl and C2. In 
the asymmetric scenario, where C2 is moved out of range of 
APl, APl andAP2 both transmit simultaneously to client Cl 
andAP2 transmits to C2. The dual transmission to Cl causes 
set-up is 25% when allowing collisions to occur. 
FIG. 4 illustrates a wireless communication network 400 in 
which embodiments of the present invention can be utilized 
for effective wireless communication. As shown in FIG. 4, the 
network 400 generally comprises two wireless access points 
405, 410 (sometimes referred to as APl and AP2, respec-
tively) and two wireless clients 415, 420 (sometimes referred 
to as Cl and C2, respectively). The wireless access points 
405, 410 can be wireless routers or other devices enabling 
wireless access to a network. The wireless clients 415, 420 
can be wireless network cards, mobile network devices, or 
many other devices capable of interacting with a wireless 
access point. As illustrated by the dashed circles, the wireless 
access points 405, 410 have operating ranges 425, 430. 
Within these ranges 425, 430, the wireless access points 
405, 410 can serve clients and monitor which clients are 
associated with them. For example network 400, can include 
a first wireless client 415 located in an area in which the 
operating ranges 425, 430 overlap and a second wireless 
client 420 is located in the operating range 430 of wireless 
access point 420. Because the first wireless client 415 is 
a signal collision at Cl. C2, however, receives a clear signal 
from AP2 thereby creating an asymmetric collision between 
Cl and C2. While the asymmetric collision in this specific 
scenario involved one of the receptions being clear, this is not 
a requirement for asymmetric collisions. While embodiments 
of the present invention, in a general sense, are aimed at 
communication techniques to aid in resolving collisions 
occurring in the asymmetric scenario, the techniques dis-
60 located in an overlapping region of the ranges 425, 430, it can 
be associated with both wireless access points 405, 410. In 
this fashion, both wireless access points 405, 410 can concur-
rently transmit data transmissions and the first wireless client 
415 can receive both data transmissions from the wireless 
65 access points 405, 410. This arrangement can result in an 
asymmetric collision scenario described above and illustrated 
in FIG.1. 
US 8,179,841 B2 
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represent the codeword of data x. For the data dl and d2, we 
want the transmitted codewords to satisfy, e( dl )+e( d2)=e( dl) 
(and e(d2)+e(dl)=e(dl)) (i.e., the codewords satisfy the OR 
property). Thus, a sender al which sends data di is said to be 
dominant over sender a2 for a client present in the overlap-
ping region ofboth senders ifthe above condition is satisfied. 
In general, the operator'+' refers to the collision function. 
Coding the transmissions to achieve this condition enables a 
To address and alleviate data integrity issues associated 
with collisions of data packets in network 400, the network 
400 can include mechanisms to account for collided data 
signals. In some embodiments, the network 400 may include 
a network controller 450 that manages all of some of the 
communication within the network. The network controller 
450 can be implemented as hardware, software, or a combi-
nation thereof. The network controller 450 may be a stand-
alone component as shown in FIG. 4, the network controller 
450 may reside in or on components of the network 400 (such 
as those shown in FIG. 4), or the network controller 450's 
functions can be spread among components of the network 
400 (such as the components shown in FIG. 4). 
10 normally interfered receiver (e.g., cl) to receive from its 
sender (i.e., AP al) without being affected by the other send-
er's (a2's) transmission (e.g., FIG. 2). More generally, given 
a topology with N access points and N clients (N being the 
degree of the topology), where a link exists betweenAP ai and 
Networks according to embodiments of the present inven-
tion can be arranged in many fashions. For example, and in 
currently preferred embodiments, the network controller 450 
15 cj if client cj is within the communication range of ai. Then 
the condition for being able to send data to all N clients is as 
follows: 
can be positioned at a hierarchical level above wireless access 
points. It may, for example, reside at a router or access point 20 
controller that is hard wired or otherwise coupled to the 
wireless access points 405, 410. In other arrangements, the 
network controller 450 may be a leading or master wireless 
access point (like wireless access points 405, 410) or a wire-
less client (like wireless clients 415, 420). Preferably, the 25 
network controller 450, wherever situated, has knowledge of 
the data signals being transmitted to and from the various 
clients in the network 400. In addition, the network controller 
450 can include a processor, a memory, be configured to 
assess the state of the network's 400 topology, and be con- 30 
figured to control how data flows within the network. And in 
some embodiments, the network controller's 450 processor 
can be configured to implement logical instructions (e.g., 
software or firmware) stored in memory to control concurrent 
35 
data transmission protocols in the network. 
Indeed, by having knowledge of the data flow of the net-
work 400, the network controller 450 can control data flow in 
the network 400. As an example, the network controller 450 
can monitor the state or topology of the network 400. Based 40 
on the topology of the network 400, the network controller 
450 can devise appropriate coding schemes to alleviate data 
integrity problems associated with collisions of data packets. 
For example, the network controller 450 can create a coding 
table like those shown in FIG. 5. FIG. 5 illustrates exemplary 45 
coding tables used to encode wireless data communications 
to implement collision coding embodiments of the present 
invention. For convenience of discussion, the table of FIG. 5 
assumes that a network has a topology equivalent to that of the 
network 400 and that the network employs an ASK modula- 50 
ti on scheme to transmit wireless data. It should be understood 
that the coding tables shown in FIG. 5 are exemplary and that 
coding tables generated by a network controller will depend 
upon network topology and modulation schemes used for 
data transmission. 55 
~ e(d;) = e(d1); V j E [1, N] 
iE[l,N] 
where: 
~is the collision function (e.g., binary addition operator); 
dj is the data from associated AP for client cj; 
f(di)=O if ai's transmission does not interfere at cj and '1' 
otherwise. 
While the coding tables shown in FIG. 5 are explicitly 
created for the bitwise "OR" operator exercised by the chan-
nel when using ASK, similar tables can be constructed for 
other modulations in other embodiments. Indeed by using the 
above coding function, the network controller 450 can devise 
appropriate coding tables to account for collisions in data 
signals. 
FIG. 6 illustrates sample data packets and sample coded 
version of the data packets being coded with a collision cod-
ing code in accordance with some embodiments of the 
present invention. Again, continuing the abbreviation con-
vention above, let dl be DATA 1 and d2 be DATA2. As shown, 
both of the data packets containing DATAl and DATA2 
include several components: source, destination, data (or pay-
load), and correction bits (CRC). By using coding tables (like 
those shown in FIG. 5) a network controller (like network 
controller 450), wireless access point, or other network com-
ponent can encode the data packets for transmission. For 
example, wireless access point 405 can use the code tables in 
FIG. 5 and the wireless access point 410 can use the C2/ AP2 
coding table in FIG. 5. Because the code table is agreed upon 
and distributed to various network components, including 
clients 415, 420, receivers of encoded data packets can 
decoded the data packets to obtain transmitted data. 
The encoding/decoding process may take various arrange-
ments according to some embodiments of the invention. For 
example, the wireless access points 405, 415 can create coded 
packets from the data packets. Specifically, the wireless 
access point 405 can use data packets destined to wireless 
To generate one or more coding tables, a network controller 
(such as network controller 450) can implement a collision 
coding function that accounts for various communication 
scenarios in a network. Generically (and following the abbre-
viation notations mentioned above), collision coding refers to 
applying an appropriate coding function e such that f/e(dl); 
e(d2)) is equal to e(dl). The property of e(dl) not being 
affected by a collision with e(d2) is known as e(dl) being 
dominant over e(d2). 
60 
clients 415, 420, including its payload, headers, and error 
correction CRC bits. In other embodiments, a network con-
troller or other wireless transceiver can create coded data 
packets and/or decode coded data packets. 
To continue explanation of the collision coding function, 
let dl and d2 be the data for clients cl and c2 and e(x) 
In one current embodiment, for every pair of two bits (two 
65 bits from each of and C2' s packets), the wireless access points 
405, 410 can be configured to produce a three-bit codeword 
using the coding tables of FIG. 5. For example, if wireless 
US 8,179,841 B2 
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access point 405 is transmitting data sequence 00 01 to Cl and 
the wireless access point 410 is transmitting data sequence 11 
10 to Cl and C2 the following can occur. The wireless access 
points can encode the data so that the wireless access point 
405 sends data sequence 011 010 to Cl, and wireless access 
point 410 sends data sequence 100 010 to Cl and C2. Given 
that a collision would occur at Cl by virtue of the colliding 
encoded data packets (i.e., 011 010 and 100 010) and assum-
10 
clients communicate over a wireless channel. The controller 
can also acts as a time server and distributes time to the APs 
that are connected to it. Thus the clocks of the APs are syn-
chronized to the controller to enable synchronous data trans-
mission and data reception. 
ing the logical OR operation happens during transmission 10 
(i.e., ASK modulation), the following data sequence would 
result at the wireless access point 405: 111 010. After decod-
ing this sequence at Cl with the coding tables in FIG. 5, the 
following data package results at Cl: 00 01. And in similar 
fashion, AP2 uses C2's payload to decode its codeword 15 
according to its table: 11 10. 
The controller can also be used to control scheduling of 
packets for transmission. For example, the controller can 
have a queue of packets destined to different clients, where 
each client associates with an AP. The controller selects the 
first packet for any of the associated clients of each AP to 
maintain FIFO delivery. The selected AP-client pairs form a 
connectivity graph which is input to code scheduling algo-
rithm. The controller encodes the packet using coding tables 
and to ensure optimal packet scheduling. Packet selection can 
form a topology that is equivalent to the topology in FIG. 4. 
For example, optimal coding can encode data packets based 
on templates. As mentioned above in discussing one embodiment, for 
any pair of two bits considered, the wireless access points 
405, 410 can generate codewords Tl and T2 such that 
Tl+T2=Tl, where+ is the binary 'OR' operator. Coding can 
be performed until maximum payload size is reached or as 
desired. The wireless access points 405, 410 can also encode 
preamble, header, and CRC data. A preamble can, for 
example, consist of a known sequence beginning with '1' for 
detecting the start of a frame and few additional bits that aid 
channel estimation, as shown in FIG. 6. Preambles can be 
inserted before data packets to help Cl and C2 identify that a 
packet is due for them. Doing this can also be used to prevent 
them from triggering the reception process and also to iden-
tify the start of a packet. 
FIG. 7 illustrates a wireless communication network 700 
comprising communication components utilizing collision 
coding in accordance with some embodiments of the present 
invention. As shown, the network 700 includes a controller, a 
plurality of access points (AP1-AP6), and a plurality of cli-
ents (Cl-C6). The network 700 can implement embodiments 
of the invention as shown or can be expanded with additional 
access points and clients. Generally, in operation, clients can 
link or associate with one or more access points to gain access 
to a network, such as the Internet. The access points can be 
mesh hot spot devices, wireless routers, network switches, or 
many other devices enabling clients to access a gateway net-
work. In similar fashion, the clients can be many types of 
devices configured to transceiver wireless data packets. The 
controller shown can be indirectly or directly coupled to the 
access points and the clients (either wired, wireless, or com-
binations thereof). In this arrangement, the controller can 
manage communication in the network 700 between access 
points and clients. 
The controller can also include additional functionalities to 
manage dynamic movement of the network 700. Collision 
coding can be applied as long as the senders or receivers of 
information can be coordinated. A popular application sce-
nario which allows sender coordination is the enterprise net-
work 700 in FIG. 7, where a controller controls the actions of 
APs and clients. The controller has access to all the upstream 
and downstream packets of the network and can be connected 
to each of the access points using a wired connection. Thus, it 
forms a natural seat for controlling which access points 
should coordinate appropriate collision coding concurrent 
transmissions. Further, upstream and downstream communi-
cation can alternate in epochs. According to some embodi-
ments, the controller can communicate with access points 
using a high bandwidth wired connection, and the APs and 
Embodiments of the present invention can also be used to 
20 implement collision coding for a given network of APs and 
clients. This can be done using network topology templates. 
From the viewpoint of collision coding, there are 'templates' 
for which any network topology can be represented. For 
example, a network controller can identify network templates 
25 and construct codes constructed for the network templates. 
Templates can be used to identify the optimal code for a given 
topology so that aggregate throughput of a given network is 
maximized (subject to maxim fairness). Embodiments of the 
present invention include various method embodiments that 
30 can aid in implementing collision coding for various-sized 
networks. 
35 
The controller (sometimes referred to as a genie) in net-
work 700 can also be configured to manage collision code 
scheduling in both system and method embodiments. These 
embodiments can implement a scheduling algorithm. The 
algorithm takes as input a connectivity graph between APs 
and clients under consideration for a time slot and produces as 
output a code schedule for differentAPs that optimizes capac-
40 ity. If a collision code is applicable to the whole input topol-
ogy (i.e there is a collision code schedule of degree N for this 
topology consisting ofN APs and N clients), the code already 
optimizes capacity for that topology and it is used. Otherwise, 
multiple collision codes of lower degrees are used in combi-
45 nation at different APs and different times to achieve optimal 
throughput under max-min fairness. Determining which of 
the lower degree codes should be applied and for what frac-
tion of the time, so that max-min throughput is achieved is the 
goal of the algorithm. Since the number of unique topologies 
50 is not very high, the optimal code for each unique topology is 
predetermined and stored for lookup. 
A collision code scheduling algorithm can include a few 
steps. First, template instances can be identified. Second inde-
pendent sets can be determined. And finally, an optimal allo-
55 cation being transmitters and receivers can be determined. 
These steps are discussed below. 
The first step is to apply all templates to an input topology 
and enumerate all instances. An input topology consists ofk 
60 
AP-client pairs and a connectivity graph G from APs to cli-
ents. Table I shows an example of input connectivity graph 
with three AP-client pairs. Each of the templates in Table I is 
used to generate multiple instances by replacing symbols 
with any permutation of AP/client index numbers. An 
65 instance is considered valid only if it is an 'induced subgraph' 
in the input topology. The generated instances are illustrated 
in Table II. 
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There is one template of degree 1, and one template of 
degree two. For degree three, there are three unique templates 
corresponding to the interference among APs. Instances can 
be determined by the following equation: 
!={!=({A 'UC'},E)=Gr(A'),'<IT;ET, 
A'.::::_AleEE', 'ef e=(d;,c)EE,a;EA',c1EC'} 
where I is the set ofinstances, Tis the set of templates, and G n 
() is the function that maps template T, to a set of AP-client 
pairs, represented as the AP set A'. 
The next step is to generate a conflict graph of instances 
and enumerate all independent sets. If two instances cannot 
operate simultaneously, i.e. any client in one instance is inter-
fered by any AP in another, then they are connected with an 
edge in the conflict graph. Table II shows the conflict graph of 
instances in Table III. Then the algorithm enumerates all 
independent sets in the conflict graph. Since the conflict graph 
usually has a small size and high node degree, a greedy 
algorithm (shown below) is used to identify all independent 
sets with minimal complexity. 
G"=(V'=I,E") 
E"={(u,v),'<fuEV'',vEV"lu and v are not independent in 
G} 
S={s.::::_V'ls is an independent set in G"} 
where G" is the conflict graph of instances I, S is the set of 
all independent sets in G". 
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The last step is to form a linear problem to compute an 







capacity, i.e. each client gets at least one unit of capacity. The 
15 linear problem can be formed using the following equation. 
minA = ~ .l.; 
20 SjES 
25 
s.Ll: A; ~ F1 <: 1, V cj EC. 
SjES IES1 ,c)EI 
where/.., is the time allocated to independent set S,, and F If' is 
capacity of each client in instance I, which value is given by 
the corresponding template. The optimal allocation in the 
example is to code using template T 2 from APl and AP2 for 
30 1.5 slots and schedule AP3 separately for 1 slot, yielding one 
unit of capacity for each of the clients. 
Collision coding, as described thus far, requires symbols 
received at a receiver from multiple transmitters to be syn-
chronized. To obtain synchronized symbols at the receiver, 
35 not only must the transmissions be synchronized, but the 
channel induced delay spread must be small compared to the 
symbol duration. The delay spread in indoor networks is 
limited to 1 Os to 1 OOs of nanoseconds thus posing no issue to 
synchronization. Hence, the granularity of synchronization at 
40 the transmitters assumes importance and must be as low as 
possible. In practice, however, while it is possible to synchro-
nize two transmitters to a tight level of synchronization using 
different approaches such as the use of hardware intercon-
nects or control packet triggering, any communication solu-
45 ti on still needs to be robust to loss of synchronization. Below, 
we focus on how collision coding is made tolerant to loss in 
synchronization. Although time offsets between transmis-
sions need not be integral multiple of symbol duration, sym-
bol level delays are generally more critical than intra-symbol 
50 delays. 
To achieve tolerance to loss of synchronization, we lever-
age the property of dominance achieved by collision coding, 
soft signal information (SSI) available before bit decoding, 
and the degree of freedom in code design. These three levers 
55 can be used to tackle a single bit synchronization offset 
between the senders. The below-discussed procedure can be 
generalized to any number of bits by appropriately adjusting 
the coding algorithm. 
To understand the synchronization offset, consider two 
60 codeword streams transmitted by two senders APl andAP2 to 
receivers cl and c2 as in FIG. 4. A part of the received 
symbols at cl is presented in FIG. 9. WhenAP2's transmis-
sion is shifted one bit to the right as shown in TABLE IV, there 
is a single bit that is interfered at cl. If the bit is decoded as a 
65 'O', then the intended bit for cl is 'O'. However, ifthe decoded 
bit is a '1 ', then there are multiple possibilities for the trans-
missions. By looking at the soft signal information before 
US 8,179,841 B2 
13 
decoding, it is possible to identify ifthe SSI was a 1ora2. If 
the SSI is 2, then the intended bit for cl is uniquely deter-
mined as '1 since only a ' 1 ' and a '1 ' can combine to yield '2'. 
If the SSI is' 1 ',then the bits that combined in the air are either 
a (0,1) or (1,0). If the bits that combined were a 0 and 1, then 
the bits sentbyx and yhave a unique solution' 10' and '10' as 
shown in Table IV, since the transmitted symbols must satisfy 
the dominance property. However, in this case, cl receives a 
'1' when APl sent a 'O'. Hence, if this combination of' 1 O' 
strings occurring in the codewords of x and y is avoided, then 10 
an SSI value of 1 can always be interpreted as the (1,0) case. 
Client cl can receive correct bits even with a timing offset 
between the transmissions. 
TABLE IV 15 




The synchronization strategy discussed above can be 
seamlessly integrated into the template construction algo-
rithm presented in x 3. The constraint for tolerating a single 
right bit shift can be given as follows: No two codewords of 25 
APl andAP2 have aligned' 1 O' pattern and the codewords do 
not both end in a '1' (inter-codeword' 1 O' pattern is avoided). 
If this constraint is included while constructing codewords, 
then cl can continue to receive in the presence of a single bit 
right shift. However, there is a cost that must be incurred in 30 
providing tolerance to synchronization loss. Specifically, the 
generated code in this case achieves a rate of 1.14 as opposed 
to 1.33 for the perfectly synchronized case. The procedure 
previously mentioned can be extended to design codes for a 
single bit shift to the left by avoiding the occurrence of '01' at 35 
the same position and both 'O' at the end of the codewords of 
x and y. Similarly, this procedure can be extended for accom-
modating other values of bit-shifts. 
Collision Coding can also be applied to the uplink of the 
scenario (FIG. 4) where Cl and C2 transmit to APl andAP2 40 
respectively but cause collisions at APl. In this case, the two 
main considerations are synchronization of Cl's and C2's 
transmissions and coding. The absence of a wired backbone 
between Cl and C2, make their synchronization different 
from synchronization of APl andAP2. In this case, the solu- 45 
tion uses the reception of a control or trigger packet on the 
wireless link from AP2 to trigger Cl and C2. Related work 
has already demonstrated the feasibility of achieving syn-
chronization to within 10 µs using this approach on 802.11 
cards. Thus AP2 transmits a control packet informing Cl and 50 
C2 to transmit after a preset time from the reception of the 
packet, thereby synchronizing their transmissions. 
The second aspect of uplink operation is coding. Observe 
that Cl and C2 cannot jointly encode their information with-
out wasting a time slot for wireless information exchange. 55 
Hence the strategy is for Cl and C2 to code independently and 
use the APl and AP2 together to decode all the transmitted 
bits. Observe from FIG. 4 that Cl's transmission is received 
successfully at APl whereas at AP2, packets of Cl and C2 
collide. AP2 can use the correct bits of Cl fromAPl to decode 60 
14 
For the coordinated receive case, since one of the transmis-
sions is received without any interference, the codewords 
must be designed such that the interfered codeword maps 
uniquely to each data bit transmitted as shown in Tables V-VI. 
It can be observed that every possible data bit combination in 















































Table VI indicates that such a pair of RX2 and Cl is not 
possible under correct operation. Those states can be used for 
error detection or correction. Using this scheme Cl and C2 
can convey two bits each in three bit-slots leading to a total 
throughput of 4 3=1:33. Thus, collision coding can be used 
upstream to yield benefits over collision free schedules. 
FIG. 8 illustrates a collision coding method 800 capable of 
managing communication in a communication network in 
accordance with some embodiments of the present invention. 
The method 800 can generally include constructing templates 
to model network topology and scheduling data transmis-
sions based on the templates. An aim of the method can be to 
identify codeword assignments for each data word combina-
tion for APs such that each client ci successfully decodes its 
data as di=Di(Ei(d)). To do this, when transmissions of mul-
tiple senders collides at a receiver, successful decoding can be 
achieved by assigning more 1 's to the associated sender and 
O's to the interfering sender(s). The method can produce 
encoding functions Ei(m) at each AP ai. The process can be 
iterative and assign codewords for each data word d (i.e all 
possible data bit combinations of dl, d2, ... , dk) forthe given 
topology. To begin, the process can initialize a set of code-
words for each dataword e(d; i) at each sender ai, with all 
codewords of length W as possible codewords to use (i.e., 
Ie(d; i)I=2W). Then, AP and dataword selection, Codeword 
selection, and update of codeword set steps can be performed 
sequentially until codewords have been assigned at each AP 
for all the dataword combinations or the codewords at any of 
the APs is exhausted. 
After construction of templates for network topology, 
scheduling of data transmission event can be analyzed and 
performed. These functions can be implemented by a network 
controller (such as the controller in FIG. 7). The controller 
can schedules packets in transmission slots to optimize net-
work throughput is optimized. To do this, the controller can 
the collided bits. However, without coding some of the bits 
are not be resolvable. As an example consider that the nth 
collided bit at AP2 is a '1' and the nth bit at APl is also a '1' 
i.e Cl transmitted a '1 '. In this case, it is impossible to say 
using AP2's received bit whether C2 transmitted a '1' or 'O', 
because both 1+O=1 and 1+1=1. Hence, the transmissions of 
Cl and C2 must be independently coded. 
65 first obtain packets from a data stream such that there is one 
packet for each AP corresponding to exactly one of its asso-
ciated clients. After identifying the clients that are to be 
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served, the controller can obtains a connectivity graph of the 
APs and clients under consideration. 
The method 800 can include taking as an input a connec-
tivity graph betweenAPs and the clients under consideration. 
This can be done for a particular slot to produce as output a 
code schedule for different APs that optimize capacity. If a 
collision code is applicable to input topology (i.e., there is a 
collision code schedule of degree N for this topology consist-
ing of N APs and N clients), the code already optimizes 
capacity for that topology and it is used. Otherwise, multiple 10 
collision codes of lower degrees are used in combination at 
differentAPs and different times to achieve optimal through-
put under max-min fairness. Determining which of the lower 
degree codes should be applied and for what fraction of the 
time, so that max-min throughput is achieved is the goal of the 15 
algorithm. Since the number of unique topologies is not high, 
optimal codes for each unique topology is precomputed and 
stored for quick lookup. 
The embodiments of the present invention are not limited 
to the particular formulations, process steps, and materials 20 
disclosed herein as such formulations, process steps, and 
materials may vary somewhat. Moreover, the terminology 
employed herein is used for the purpose of describing exem-
plary embodiments only and the terminology is not intended 
16 
3. The wireless communication system of claim 1, wherein 
the network controller is coupled to the plurality of wireless 
access points. 
4. The wireless communication system of claim 1, wherein 
the network controller is disposed within at least one of the 
wireless access points. 
5. A wireless communication system of comprising: 
a plurality of wireless transceivers in communication with 
each other, the wireless transceivers each having an 
operating range wherein transceivers can transmit data 
packets; and 
a plurality of wireless access points as the wireless trans-
ceivers and a network controller, the wireless access 
points configured to enable a plurality of wireless clients 
to wirelessly connect to the wireless access points; 
wherein the wireless transceivers are configured to simul-
taneously transmit encoded data transmissions to mul-
tiple co-channel transceivers in overlapping operating 
ranges and wherein transceivers receiving multiple data 
transmissions from dissimilar transceivers are config-
ured to decode collided data transmissions resulting in 
successful data reception; and 
wherein the network controller is configured to determine 
the number and connectivity of wireless clients relative 
to the plurality of wireless access points and determine 
one or more coding tables to implement the collision 
coding scheme. 
to be limiting since the scope of the various embodiments of 25 
the present invention will be limited only by the appended 
claims and equivalents thereof. Indeed, the above descrip-
tions are exemplary and yet other features and embodiments 
exist. 
Therefore, while embodiments of the invention are 
described with reference to exemplary embodiments, those 
skilled in the art will understand that variations and modifi-
cations can be effected within the scope of the invention as 
defined in the appended claims. Accordingly, the scope of the 
various embodiments of the present invention should not be 35 
limited to the above discussed embodiments, and should only 
6. The wireless communication system of claim 1, wherein 
the network controller is configured to synchronize transmis-
30 sion of data packets from one or more of the wireless trans-
ceivers for transmission to one or more of the wireless trans-
be defined by the following claims and all equivalents. 
We claim: 
1. A wireless communication system comprising: 
a plurality of wireless transceivers in communication with 40 
each other, the wireless transceivers each having an 
operating range wherein transceivers can transmit data 
packets; and 
a plurality of wireless access points as the wireless trans-
ceivers and a network controller, the wireless access 45 
points configured to enable a plurality of wireless clients 
to wirelessly connect to the wireless access points; 
wherein the wireless transceivers are configured to simul-
taneously transmit encoded data transmissions to mul-
tiple co-channel transceivers in overlapping operating 50 
ranges and wherein transceivers receiving multiple data 
transmissions from dissimilar transceivers are config-
ured to decode collided data transmissions resulting in 
successful data reception; and 
wherein the wireless access points are configured to 55 
encode data packets destined for one or more of the 
wireless clients with a collision coding scheme provided 
by the network controller so that wireless data packets 
concurrently transmitted from at least two wireless 
access points colliding in air can be decoded at the 60 
wireless clients with the collision coding scheme so that 
transmitted data packets are not affected by collisions 
with another data packet. 
2. The wireless communication system of claim 1, wherein 
the network controller is configured to schedule transmission 65 
of data packets from the wireless access points to the wireless 
clients. 
ce1vers. 
7. A wireless communication system comprising: 
a plurality of wireless transceivers in communication with 
each other, the wireless transceivers each having an 
operating range wherein transceivers can transmit data 
packets; and 
a plurality of wireless access points as the wireless trans-
ceivers and a network controller, the wireless access 
points configured to enable a plurality of wireless clients 
to wirelessly connect to the wireless access points; 
wherein the wireless transceivers are configured to simul-
taneously transmit encoded data transmissions to mul-
tiple co-channel transceivers in overlapping operating 
ranges and wherein transceivers receiving multiple data 
transmissions from dissimilar transceivers are config-
ured to decode collided data transmissions resulting in 
successful data reception; and 
wherein the network controller is configured to implement 
the collision coding scheme as a function of modulation 
protocols used to transmit the wireless data packets. 
8. A wireless communication system of comprising: 
a plurality of wireless transceivers in communication with 
each other, the wireless transceivers each having an 
operating range wherein transceivers can transmit data 
packets; and 
a plurality of wireless access points as the wireless trans-
ceivers and a network controller, the wireless access 
points configured to enable a plurality of wireless clients 
to wirelessly connect to the wireless access points; 
wherein the wireless transceivers are configured to simul-
taneously transmit encoded data transmissions to mul-
tiple co-channel transceivers in overlapping operating 
ranges and wherein transceivers receiving multiple data 
transmissions from dissimilar transceivers are config-
ured to decode collided data transmissions resulting in 
successful data reception; and 
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wherein the network controller is configured to transmit 
data coding tables to the wireless access points enabling 
the wireless access points to code data transmissions to 
the clients. 
9. A wireless communication system comprising: 
a plurality of wireless transceivers in communication with 
each other, the wireless transceivers each having an 
operating range wherein transceivers can transmit data 
packets; and 
a plurality of wireless access points as the wireless trans-
ceivers and a network controller, the wireless access 
points configured to enable a plurality of wireless clients 
to wirelessly connect to the wireless access points; 
10 
wherein the wireless transceivers are configured to simul- 15 
taneously transmit encoded data transmissions to mul-
tiple co-channel transceivers in overlapping operating 
ranges and wherein transceivers receiving multiple data 
transmissions from dissimilar transceivers are config-
ured to decode collided data transmissions resulting in 20 
successful data reception; and 
18 
12. A wireless communication system comprising: 
a plurality of wireless transceivers in communication with 
each other, the wireless transceivers each having an 
operating range wherein transceivers can transmit data 
packets; and 
a plurality of wireless access points as the wireless trans-
ceivers and a network controller, the wireless access 
points configured to enable a plurality of wireless clients 
to wirelessly connect to the wireless access points; 
wherein the wireless transceivers are configured to simul-
taneously transmit encoded data transmissions to mul-
tiple co-channel transceivers in overlapping operating 
ranges and wherein transceivers receiving multiple data 
transmissions from dissimilar transceivers are config-
ured to decode collided data transmissions resulting in 
successful data reception; and 
wherein the network controller is configured to generate 
one or more coding tables based on the collision coding 
scheme such data transmitted between wireless access 
points and wireless clients can be encoded and decoded 
based on the one or more coding tables. 
13. A controller for use in a wireless communication net-
wherein the network controller is configured to directly or 
indirectly transmit data coding tables to the clients 
enabling the clients to decode data transmissions from 
the wireless access points. 
10. A wireless communication system comprising: 
work to control communications within the network, the con-
25 trailer comprising a processor capable of implementing 
instructions stored as logic, the controller comprising: 
a plurality of wireless transceivers in communication with 
each other, the wireless transceivers each having an 
operating range wherein transceivers can transmit data 30 
packets; and 
a plurality of wireless access points as the wireless trans-
ceivers and a network controller, the wireless access 
points configured to enable a plurality of wireless clients 
to wirelessly connect to the wireless access points; 35 
wherein the wireless transceivers are configured to simul-
taneously transmit encoded data transmissions to mul-
tiple co-channel transceivers in overlapping operating 
ranges and wherein transceivers receiving multiple data 
transmissions from dissimilar transceivers are config- 40 
ured to decode collided data transmissions resulting in 
successful data reception; and 
logic to assess topology of a network comprising a plurality 
of wireless access points and a plurality of wireless 
clients, wherein the controller is coupled to the wireless 
access points; 
logic, responsive to the assessed topology, to generate one 
or more coding tables enabling one or more of the wire-
less access points to encode data packets, in accordance 
with a collision coding function, for concurrent trans-
mission to one or more of the wireless clients so that 
colliding data packets do not disturb integrity of data 
within the data packets; and 
logic configured to synchronize transmission of wireless 
data packets from two or more of the wireless access 
points to one or more of the wireless clients. 
14. The controller of claim 13, wherein the controller is 
disposed within one of the plurality of wireless access points 
or wireless clients. 
wherein the network controller is configured to determine 
the collision coding scheme as a function of network 
topology. 
11. A wireless communication system comprising: 
15. The controller of claim 13, wherein the coding tables 
45 contain information mapping data configured to enable one or 
more of the wireless access points to transform data to be 
transmitted in a modified data stream. 
a plurality of wireless transceivers in communication with 
each other, the wireless transceivers each having an 
operating range wherein transceivers can transmit data 
packets; and 
a plurality of wireless access points as the wireless trans-
ceivers and a network controller, the wireless access 
points configured to enable a plurality of wireless clients 
to wirelessly connect to the wireless access points; 
16. The controller of claim 13, wherein the controller is 
configured to transmit one or more of the coding tables to one 
50 or more of the wireless access points such that the one or more 
wireless access points can encode data packets according to 
one or more of the coding tables. 
17. The controller of claim 13, further comprising logic to 
generate the one or more coding tables based on a modulation 
55 protocol used to transmit wireless signals within the network. 
wherein the wireless transceivers are configured to simul-
taneously transmit encoded data transmissions to mul-
tiple co-channel transceivers in overlapping operating 
ranges and wherein transceivers receiving multiple data 60 
transmissions from dissimilar transceivers are config-
ured to decode collided data transmissions resulting in 
successful data reception; and 
wherein the network controller is configured to determine 
the collision coding scheme to establish symbol domi- 65 
nance between an intended signal and an interfering 
signal received at one of the wireless clients. 
18. The controller of claim 13, further comprising logic 
configured to map contents of multiple data packets to a 
codeword according to one or more coding tables and to 
transmit the codeword to multiple wireless clients. 
19. A wireless communication system comprising: 
a plurality of wireless access points configured to allow one 
or more wireless clients to associate with one or more of 
the wireless access points; 
the plurality of wireless access points being connected to a 
network such that the wireless clients can communicate 
with the network through an associated wireless access 
point; 
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the plurality of wireless access points being configured to 
store coding tables used to encode data packets for trans-
mission to the wireless access points, the coding tables 
being generated with a collision function, such that that 
concurrent transmission of data packets to a single wire-
less client resulting in colliding data packets do not 
disturb integrity of data within the data packets. 
20. The wireless communication system of claim 19, 
wherein the plurality of wireless access points are operatively 
coupled to a network controller to receive the coding tables 10 
from the network controller. 
21. The wireless communication system of claim 19, 
wherein the plurality of wireless access points are configured 
to transmit concurrent data packets in a synchronized manner. 
20 
22. The wireless communication system of claim 19, 
wherein at least one of the wireless access points can transmit 
the coding tables to at least one of the wireless clients 
enabling the wireless client to decode received data packets. 
23. The wireless communication system of claim 19, 
wherein at least one of the wireless access point monitors 
associated wireless clients to determine identity oflocal wire-
less clients and provides wireless client information to a 
network controller to dynamically update the coding tables. 
24. The wireless communication system of claim 19, 
wherein at least one of the wireless access points utilizes the 
coding tables to decode data packets transmitted from one or 
more of the wireless clients. 
* * * * * 
